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MODERN FLOUR-MILL MACHINERY. 

BY ROBERT B. CREAK., Member, OF MANCHESTER. 

Since the date of the last Paper on this subject, read before this 
Institution by the late Mr. Henry Simon in 1889, considerable 
advance has been made in the art of Milling. The object of the 
present Paper is to bring together the leading developments since 
that date in wheat-preparing and roller-mill machinery. The 
modern tendency has been to locate mills on the waterside a t  the 
principal ports and to increase the capacity of the single plant, in 
each case with a view to economy in cost of production. To-day 
50 sacks (each containing 280 lb. of flour) per hour may be taken 
as about the maximum output for a single plant. 

A common practice is to arrange the mill building with two 
separate 50-sack plants placed back to back, Fig. 1 (pages 994-5), 
showing such an arrangement in cross-sectional elevation. The 
line of elevators is seen down the centre with the two plants on either 
side. No. 1 floor contains the line 
shafts driving the roller-mills, and the elevator boots. No. 2 floor 
carries the roller-mills in six lines. Nos, 3 and 4 floors contain lines 

The building has five floors. 

[THE I.MEcH.E.1 
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996 MODERN FLOUR-MILL MACHINERY. OCT. 1913. 

of purifiers. No. 5 floor contains the centrifugal dressing machines 
in  two rows, the machines being piled three high. The elevator 
heads run up nearly to the roof ridge. 

Such a building, designed to contain two 50-sack plants with 
suitable wheat-preparing plants a t  the far end, and a rope-race for 
main drives separating the two sections, would consist of, say, 30 
bays 8 feet span. Frequently, for the sake of greater security 
from fire, and with a view t o  lowering the fire insurance premium, 
the two plants are divided by a longitudinal wall down the 
centre of the cross-sectional view, in which case each plant 
would have its own line of elevators placed close along this dividing 
wall. 

I n  considering the above arrangement and the subsequent 
detailed descriptions of machines, it is necessary to  remember 
that the milling process is entirely automatic. From the lifting of 
the wheat from the hold of the importing vessel by means of a ship 
elevator, to the delivery of the finished products into the sacks, the 
wheat grains and the various mill stocks are never touched by the 
operative, as they gravitate by spout from machine to machine in 
the process and in their course are elevated from the bottom to 
the top many times, and are conveyed horizontally considerable 
distances before completing their journey. From this it will be 
noted that the disposition of the machines on the various floors is 
a matter of great importance, and requires considerable skill to 
avoid needless travel of the stocks. From the foregoing, it follows 
that comparatively little attention is required to run the plant, and 
in consequence all large mills run day and night, without a stop 
for meals,:from Monday morning till Saturday night. 

The up-to-date port mill admits of the classification of its 
processes shown on page 997. 

The author proposes to deal first with Sections B and C. 
Sections A and D, which involve the handling of large quantities 
of grain in bulk and sacks of finished products, moving these long 
distances horizontally and vertically, are dealt with on pages 1020-31. 
Group E, although of the highest importance, does not rightlycome 
into the range of this Paper. 
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The author will now proceed to describe the newer machines 
employed in groups B and C. To appreciate their points, it must 
be borne in mind that the ideal of the wheat-preparing plant is to  
pass clean and sound wheat grains only to the roller-mill plant, and 
these in the most suitable condition for milling; and that of the 
roller-mill plant to remove the skin of the wheat berry in as large 
pieces as possible, leaving the kernel entirely free from adhering 
particles of this skin, whilst at the same time leaving no floury 
particles on the skin. The skinned kernel could then be reduced 
to fine white flour by the reduction rolls. Needless to say, the long 
series of machines comprising a modern roller-mill plant only 
approximately fulfils these ideal functions. It must also be borne 
in mind that the British miller has the choice of all the wheats of 
the world, which differ widely from each other in oliaracteristics 
such as colour, size, hardness, freedom from impurities, etc., and 
one of his most difficult tasks is to select those wheats which, 
when treated on the wheat-preparing plant and afterwards 
mixed together in suitable proportions, shall give the required 
yields of the standard grades of flour, and a t  the same time yield a 
profit on the cost of the mixture. 

A large port mill will seldom have less than three separate 
wheat-preparing plants running simultaneously and treating the 
different wheats grouped into three classes termed ‘‘ hard,” 
“ medium ” and “ soft.” Each group would receive its appropriate 
treatment. For  instance, hard wheats would be washed twice to 
soften them ; soft wheaks perhaps not washed at  all, or immersed in 
water for a very short time only ; and so forth. 

Wheat-Prepariiag Plant (SectionBon page 997).-The dry cleaning 
processes consist generally of riddling for the removal of impurities 
larger and smaller than the wheat berries, of severe rubbing action, 
termed scouring, for loosening dirt adhering to the skin of the 
grain, of subjecting the grain to the action of brushes with stiff 
bristles, and at all points subjecting the grain to the action of 
wind currents to carry off the loosened light floating dust. 
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Most wheats contain other seeds as impurities. Those seeds 
larger or smaller than the wheat berries can be easily separated by 
riddling. There are grains, such as the cockle seed, a small round 
black seed, barley and oats, whose girth is the same as the wheat, 
berries. Obviously riddling is here ineffective, and use is made of 
a difference in shape to make the separation. 

Cylinders slowly revolving on slightly inclined axes are 
constructed of plates pitted on the interior with indentations, Fig. 2. 
The grain to be treated is fed in at the upper end, and travels 
slowly down the inside of the cylinder. In the case of cylinders 

FIG. %-Cockle Cylinder, Cross Seetiow. 

with small pits, the small round cockle seeds rest in and are lifted 
by the pits on the rising side of the cylinder. It will be clear that 
the wheat berries will roll out of the pits a t  a lower level than will 
the cockle seeds. If now an adjustable hopper or tray is fitted the 
full length of the inside of the cylinder, arranged so that its lip or  
edge lies almost touching the inner surface of the rising side of the 
cylinder, and if this edge be set at the right level it will catch the 
falling cockle seeds, whilst the wheat berries will roll out of the pits 
into the body of the cylinder before the lip of the tray is reached. 
This action is illustrated in Fig. 2. With cylinders having large 
pits, the wheat berries are lifted higher than the barley or oats 
which, with the bearded end, are longer than the wheat berries. 
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This method is quite effective, but suffers from two drawbacks. 
The wear on the inner pitted surface is rapid, and only a 
comparatively small surface of pits is in use at one instant. TO 
meet these objections, a new type of machine has been evolved, 

FIG. 3. 

Cockle-Extracting Bawd. 
(See also Fig. 4. )  

illustrated in Figs. 3 and 4. The essentials of this machine 
are the travelling band AA set in a frame a t  an inclination to the 
horizontal. This band is composed of plates pitted with small holes 
to contain and hold the round cockle seeds. As the band travels 
upwards, the frame in which it is carried is given a short-stroke, 
but rapid, cross shake. The wheat, intermixed with the cockle 
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seeds, is fed in at hopper 1 placed at the highest part of the band, 
and the angle of inclination is such that, with the agitation caused 
by the cross shake, the wheat grains roll down the band and are 
collected in receptacle 5 ,  while the cockle seeds remain in the pits 
and are carried over the head of the band and dropped into the box 
marked 4. It is claimed that this device makes :I. closer separation 
and utilizes more of the pitted surface. 

I 

wheat Wushing.-The washing of wheat has become general in 
all British mills. It serves the twofold purpose of a cleanser and 
a t  the same time a softener of the harder varieties. For wheats 
containing stones, washing affords the surest means of separating 
these. The " Mumford " wheat washer and etoner recently brought 
out is illustrated on Pig. 5 and Fig. 6, Plate 25, combined with a 
whizzes or centrifugal dryer. The washer consists of tank A filled 
with water up to a level about 2 inches below the top of the washing 
worm C. Immediately below the washing worm is the stone- 
removing worm D. Wheat is fed on to the washing worm through 
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the feed-box B. This box can be moved along the length of washing 
worm C to accommodate tender wheats requiring a very short 
immersion. The revolving of the washing worm imparts a pulsating 
motion to the water, which keeps the wheat floating on the surface, 
whilst the stones, which are a little heavier than the wheat grains, 
sinkand are caught by the small stoning worm D and conveyed 
to and deposited in box E. The wheat floating on the surface 
of the water is carried along by the worm and by the flow of 
water along the worm trough into the whizzer, whose function is to 
throw off surplus moisture by the usual centrifugal action. Fresh 
water is constantly running into the tank whilst the water thrown 
off by the whizzer drains back into the tank, a constant level being 
maintained by the overflow head a t  G. 

I n  other forms of wheat washers, use is made of a plunger to 
produce the pulsation, or the effect simply of gravity is relied upon 
to sink the stones, but in all cases the wheat is borne along by a 
stream of water flowing from head to tail of the machine over a 
weir. 

Flour Manufacturing or Roller-Mill Plant (Section C on page 
997).-The roller-mill is used for two distinct purposes. In the 
earlier stages of the process it is fitted with fluted rolls of varying 
coarseness for breaking down the wheat berry, the upper and lower 
rolls of each pair being driven a t  different rates of revolution in 
the ratio of about 24 to 1 by means of machine-cut gear-wheels. I n  
the later stages of the milling process, smooth rolls with a difference 
in revolution of about 14 to 1 are used for reducing the purified 
semolina and middlings to flour. 

The standard roller-mill as made in this country is the 
4-roller mill, that is, one frame containing two pairs of rolls. These 
are placed with their axes in a plane inclined to the vertical. Up 
to comparatively recent times there was no uniformity in this 
matter. Some makers placed all four rolls in  a horizontal plane, 
whilst others placed each pair in practically a vertical plane.' 

* See Paper by the late Mr. H. Simon, Proo. I.I\Icch.E., 1889, pa,ge 148. 
3 2  
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Now the diagonal arrangement has become universal. Doubtless it 
is a compromise to secure the advantages of both the above 
arrangements. With the four rolls in the same horizontal plane 

FIG. 7.--Four-RoElor Mill. 
(Cross-Section showing diagonal arrangement of the Rolls.) 

an unduly wide machine is formed, which would prevent placing 
three lines of rolls with adequate passage ways in a mill building of 
normal width ; this is a point of importance as affecting economy 
of space. Fig. 7 shows in cross-sectional elevation the diagonal 
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placing of the rolls. It will be noticed that the upper rolls are of 
larger diameter than the lower. When this is the case, the rolls 
are fitted with equal gear-wheels, the difference in diameter of the 
rolls giving the necessary differential in peripheral speed. The 
more usual practice is to use rolls of 10 inches diameter throughout 
with the differential gears. 

FIG. 8.-Four-Rolle.r Mill. 
(Standard type a8 usedlin the United States and Canada.) 

In the United States and Canada the type of roller-mill used is 
outlined in Fig. 8. The cast-iron body may best be described as 
the ‘6 hobble skirt ” frame. The differential is obtained by belt diive 
from a countershaft running through the lower part of the frame. 
This countershaft acts as a tightening jockey-pulley to the single 
driving belt operating the two quick rolls. The two pulleys on the 
opposite end of this countershaft drive the two slow rolls. There 
are variations of this drive given in  the American catalogues, but; 
they all show the differential obtained by belts and not by gears. 
All four rolls are ranged in a horizontal plane. 

3 2 2  
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Then, too, in the matter of speed the practice in the two 
countries differs. Here the majority of rolls are 10 inches 
diameter and the speed of the fast roll of each pair when breaking 
down is 350 revolutions, whilst for smooth roll reductions the 
speed for  the fast roll is 210-220. American practice is t o  run 
the fast rolls a t  500 revolutions per minute, whether on breaks or 
reductions. I n  English mills it is usual to run with thinner feeds, 
so that, on account of this and the lower speed of running, an 
English mill has a longer roller surface than has the American mill 
of equal capacity. There is a tendency here to increase the speed 
of the roller-mills though not to equal the American speeds. This 
would hardly be permissible with gear-wheel differential. 

The author believes that no exhaustive tests have been made as 
to variations of differential, nor can he gather any information 
as to how the generally accepted differentials of to-day were 
determined. Very probably they have been handed on as an 
accepted tradition, and this might well prove a fruitful subject for 
experimental test. 

The breaking down of the wheat berry is usually accomplished 
in four stages, with fluted rolls of varying coarseness ; twelve flutes to 
the inch would be used for the first break, while twenty-eight to 
thirty flutes to the inch for the fourth break. The reason for 
breaking down in successive stages is to avoid, as far as possible, 
the production of flour during this part of the process, as it is of 
poor quality and is apt to be discoloured by contact with the bran. 
It is therefore desirable to isolate this break flour as soon as 
possible. Attention has of late been concentrated on this point. 
Until recently it was usual to leave this break flour in contact with 
the general break product, passing it all forward by elevator to the 
scalper. The scalping process has for its object the separation of 
the good semolina and middlings from the break flour on the one 
hand,and from the wheat still unbroken on the other. I n  the 
early days of roller milling, scalping was performed by centrifugal 
mnchines of the type illustrated on Pig. 9.* Scalping by 

* Sea Proceedings, J.Mech.E., 1889, page 148. 
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centrifugal machines was a violent process. The machine consists 
of a slowly revolving barrel about 2 feet 6 inches diameter by 
10 feet long, covered with wire or silk mesh as the case may 
require. Inside the barrel are fingered beaters, shown in the 
illustration, which revolve a t  200 revolutions per minute inside the 
barrel. The stock from the break roll is fed into the barrel a t  

FIG. g.-CentrifugaZ Dressing Machime. 
(Interior with one door removed.) 

. -  . ..... . .  

each end, and is picked up by the beaters and thrown against the 
mesh covering the barrel. The finer stock is driven through the 
mesh and gathered in the hopper of the frame enclosing the barrel, 
whilst the large stock comes over the tail and passes to the next 
break. The author has described this machine a t  some length, 
as he will have to refer to it again when considering flour 
dressers. 
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For a considerable time milling engineers have been devising 
gentler processes of scalping, with the object of isolating the break 
flour as soon as made, thus avoiding discolouration by contact with 
the bran, and avoiding the making of more break flour by attrition 
due to rough treatment in the process. Hence the use of wind 
currents, as part of the scalping process, has become very general. 

Pneumatic-scalping in its simplest form is illustrated on Fig. 10. 
The break roller-mills are provided with double hoppers. The 
inner hopper is subjected to a light suction from a fan. As a 
result, the stock coming from the nip of the rolls is divided, the 
lighter inferior middlings with the break flour and light branny 
particles or bees-wing fall short, and are drawn into the inner 
hopper, whilst the high-class heavy semolina and the wheat particles 
carry farther against the air suction, and fall into the outer hopper. 
This separating action can be relied on without the use of any air 
suction a t  all applied to the inner hopper, but a light suction makes 
the separation more certain. Fig. 11, Plate 26, shows clearly the 
separating action on the stock coming from the nip of the roll as 
the result of gravity aided by a light suction, The high-class 
semolina and broken wheat would then be elevated and fed on to  
the spout-scalper, shown in general view on Fig. 12, and in section 
on Fig. 10. This machine is nothing more than an inclined sieve 
with hopper and feed roll a t  the top to spread the feed evenly 
across the sieve. The sieve is clothed with a suitable wire-mesh 
which tails over the broken wheat to the succeeding break, whilst 
the semolina passes through the mesh as the stock rolls down over 
the wire-cover. The collecting tray receiving the semolina passes 
its product on to the front of a vertical silk-covered screen. 
Whilst falling in front of this screen, the product is subjected to 
a continuously circulating air-current or air-belt which removes 
all light impurities. From the semolina scalper and duster the 
stock is ready for the purifier. 

Fig. 13 (page 1010.) illustrates a cyclo-pneumatic separator for 
the treatment of break stock immediately after leaving the break 
roll. This machine is arranged on the enclosed continuous air- 
current or air-belt principle. The stock from the rolls pasies 
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FIG. 13. 
Cyclo-Pneumatic Separator. 
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down the central feed pipe a t  the top of the machine on to the 
revolving plate A, by which it is spread, and forms an annular 
stream of stock falling evenly all round into the fixed hopper 
immediately below. The revolving feed-plate is enclosed by a sheet- 
iron hood leading up to the eye of the fan. This fan causes the 
air to circulate in the direction of the arrow heads. It will be 
seen that the stock falling all round the plate is subjected to the 
circulating air-current which carries up into and through the fan 
the light materials, such as, break flour, light branny particles 
termed ‘‘ bees-wing,” and the light inferior middlings, leaving the 
heavy semolina along with the wheat particles requiring further 
granulation to pass out together to be afterwards separated on 
another machine. The air current from the fan passes to the 
expansion chamber B, in which are deposited the lighter middlings, 
whilst the flour is deposited in the cyclone C. The separations are 
made entirely on the air-belt system, no outside air being required, 
thus preventing flour discolouration due to soot flakes, but on the 
other hand the stock from the break rolls has to travel to this 
machine before the break flour is separated from it. Whenever 
possible the cyclo-pneumatic separator is placed directly below the 
break roll it is to follow. 

No very sweeping changes have been made in the construction 
and arrangement of purifiers. There is a decided movement back 
to the old-fashioned plan of coupling the line of purifiers to one 
common exhaust trunk with independent fan a t  the end coupled to 
a textile dust-collector. This system is largely replacing the so- 
called dustless purifier with slow running fan fitted to each purifier, 
and an elaborate system of dust traps and settling chambers, 
provided in the upper part of the machine. The fans eventually 
discharged into the open purifier floor. It was found, however, 
that this arrangement, however carefully planned, passed some 
fine dust out into the mill floor. The common exhaust-trunk has 
been made possible by the improvements that have been effected in 
textile dust-collectors and the relaxing of the high charges which 
used to be made on such collectors when placed in the mill. It has 
the advantage of doing away with the settling chambers in the 
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purifier, which serve to retain dust in the corners, to the delight of 
the moths, and also obstruct the light and the free examination of 
the sieve surface. 

Fig. 14, Plate 37, and Figs. 15 and 16 show very clearly how the 
space above the sieves can be arranged to give a clear view of the 
working in a purifier arrnnged to couple up to a common exhaust 
trunk, and therefore without a fan in the machine itself. 

VIG. 15.-Purijier without Fan. (See also Fig. 16.) 

Fig. 17, Plate 28, shows a purifier self-contained with its own fan 
and a closed air-belt or circuit. This avoids the defect of putting 
out any dust into the mill floor, and avoids the necessity of using 
the large common air-trunk and textile dust-collector. It must, 
however, retain the settling chambers and the fan in the upper part 
of the machine, making the sieve not so easily visible. 

I n  regard to the question of dressing out the flour after the 
purified semolina and middlings have been through one or more 
pairs of smooth rolls, it is perhaps here that the sharpest cleavage 
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of milling opinion occurs. Until recently, flour dressing in this 
country has always been considered as the work of centrifugals." 
But to-day there are practical millers who consider the plansifter 

FIG. 19.-Double-Crunlc Plansifter. 

a satisfactory machine for this work. Before discussing this question, 
the author will consider the plansifter and its arrangements. 

The plansifter originated in Hungary, the mother country of 
the roller-milling system. It was introduced into this country 
some twenty years ago, but, in this early stage of development, it 
was not successful. Since then it has made marked headway on 

* See Proceedings, I.Mech.E., 1889, page 148. 
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FIGS. 20 and 2l.--Double-Crank Plansifter. 
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the Continent, and especially in Germany, and is now installed in 
several English mills. Used simply as a scalper and grader for 
treating break stock and preparing semolina and middlings, it is 
very generally admitted by millers here to be an excellent machine, 
but it is as a flour dresser that it has yet to win its way into favour 
with the British miller. 

Fig. 18, Plate 29, and Figs. 19-21 illustrate the construction of 
the plansifter. The machine consists essentially of two sets of 
superimposed sieves, usually twelve deep carried in a rectangular 
frame. This frame is either suspended from above or supported 
from the floor by four upright rods free to swing in any direction. 
The frame is set level, and a rotary motion is imparted to it in the 
horizontal plane by means of a vertical spindle and crank. The 
crank measures about 14 inches from centre of shaft to centre of 
pin, so that the frame swings in a circular path having a diameter 
of 34 inches, and makes about 180 revolutions per minute. 

The set  of superimposed sieves at  each end of the frame lying 
twelve deep are each divided into two compartments, making four 
separate sections capable of treating four different stocks. Each 
sieve is suitably clothed with silk or wire as required, and each has 
a tray between it and the sieve below. The stocks to be treated 
are fed in at one end of the topmost sieves. It will be asked 
how the material travels along the silk, if they are set truly 
horizontal. This is accomplished by fixing to one side of each run 
small tin projecting pieces, standing out at right angles to the 
sieve side, and almost touching the silk surface. These tin 
projections form stalls or pockets ranged along the side of the sieve 
run. The oscillatory motion imparted to  the sieve throws the 
stock from one pocket to the next, and so on down the full length 
of the sieve until it arrives at the tail end. 

Between the underside of one sieve and the tray below it, a 
travelling brush is made to pass down one half width, and round 
and up the other half width. The brush is bristled on both the 
top and bottom sides. It is guided by a slotted guide-rail running 
down the centre of each sieve run ; the connection between brush 
and slot is by a ferrule working on a pin. The bristles are set a t  
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an angle to cause the brush to travel in a definite direction. The 
bristles on the top side brush the underneath of the silk above, 
and those on the underside brush up the throughs, which have 
rained down on to the tray through the meshes of the silk, and 
they pass down as the feed to the next sieve below. All these 
details are very carefully worked out, and in practice are found 
not to give trouble. The crank or cranks actuating the plansifters 
carry balance-weights carefully adjusted, and quite a common test 
is to run the plansifter with the holding-down bolts removed to 
show the perfection of balance attained. In  Fig. 22, Plate 30, is 
shown the single-crank arrangement. 

Amongst the claims put forward for the plansifter as against 
the centrifugal mill are : saving in power ; saving in space ; saving 
in wear and tear of silk; gentle treatment of stocks; reduced 
amount of elevating and conveying consequent on the arrangement 
of superimposed sieves ; and less obstruction to light consequent 
on reduced height. On the other hand, those who oppose, urge the 
accessibility of the centrifugal and ease of temporary repair in the 
event of the silk being holed ; and accessibility of silk surface for 
brushing. 

Undoubtedly the plansifter has found great favour in Germany. 
It is a very interesting machine from a mechanical point of view. 
It utilizes the whole of the silk surface at one time, which is not 
the case with the centrifugal. Fashion or custom and familiarity 
are powerful factors affecting choice of machines, and further, 
simplicity of action and ease of accessibility in a night and day 
automatic process are highly esteemed. It is urged by some that 
the plansifter will not dress through fine silk numbers in our damp 
climate. The author has seen some remarkable dressing through 
No. 17 silk, which is a fine number even for a centrifugal. As 
against this, the claim so often made that the plansifter is gentler 
in action than the centrifugal is one that is open to question. When 
one thinks of the stock being pitched forward from compartment 
to compartment, one must admit that-there is some rather rough 
treatment in this process. It is the balancing of these fine points 
that gives rise to the difference of opinion as t o  the merits of this 
machine. 
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Teatile Dust-Collector.-This apparatus, Fig. 24, Plate 31, is 
coming into very general use, and is frequently placed on the 
suction side of the fan. As shown in Fig. 23, Plate 30, it consists 
of a number of vertical tubes of textile material about 8 inches 
diameter and about 14 feet long. These are arranged in  groups 
of eight to a compartment. The lower ends of the tubes are 
attached by flexible connections to spigots in a tube-plate, forming 
the top of a hopper, whilst the upper ends are blocked. The suction- 
pipe leads into the bottom hopper. Each set of eight tubes is 
enclosed in an air-tight compartment opening a t  the top into a 

head piece or nozzle connected to the main air-pipe leading to the 
suction eye of the fan. I n  the nozzle there is a flap acting as a 

two-way valve. Normally the flap-valve leaves the connection from 
the compartment to the suction-pipe to fan through the nozzle 
open, I n  this position the dust-laden air, entering the hopper at 
the bottom, passes into the interior of the sleeves, and strains 
through the texture to reach the nozzle leading to the upper 
suction-pipe. I n  straining through the texture of the sleeves, the 
dust is left adhering to the inner surface. To remove this dust, 
the sleeves are intermittently shaken by means of tappet gear. 
Whilst a set of sleeves is being shaken, the flap-valve in the nozzle 
on top is thrown over, admitting air from outside into the 
compartment and at the same time closing the connection between 
that particular compartment and the top suction-pipe. As a 
consequence, the suction in the lower hopper draws in fresh air 
from the room through the tubes of that particular compartment 
from outside at the same time as the tubes are being shaken. By 
this combined shaking action and reversal of air current, the dust 
deposited on the inner surface of the tubes is loosened and drops 
into the collecting hopper a t  the bottom. The reversal of the 
current plays a very important part in the automatic clearing of 
the tubes, which again is vital in a process making separations by 
means of finely regulated air currents. 

Motive Power.-The choice of motive power is governed by two 
It is the usual practice to run the mill principal considerations. 
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144 hours per week, as the milling process, being automatic, 
requires so little manual attention. The load is constant, as all the 
machines must run together to form an automatic plant. It is 
possible to stop the wheat-preparing plant for an hour or so, if there 
be enough wheat in hand to keep the roller-mill plant running, but 
the rule is t o  run the wheat-preparing and roller-mill plants 
continuously and together, the only stopping time being Sunday. 
Such a load is an excellent one for economical steam-driving with 
rope drives from fly-wheel to the several line-shafts on the different 
floors. 

I n  the standard mill-building, the engine-house is placed at  the 
back of the main building with the rope race dividing the wheat- 
preparing section from the roller-mill section. 

These same conditions are also very attractive to the Electric 
Power Corporation, as providing a market for their power during 
the slack period between midnight and 6 a.m. 

Electric driving is making some headway, but it can be 
demonstrated that current must be supplied at something like 
0.4d. per B.T.U. before electric power can compete in price 
with steam. There is no field for individual driving, as the 
machines must start and stop and run together as a complete plant. 
The usual plan where electric driving is adopted is to put down a 
motor for driving the wheat-preparing plant, one for driving the 
roller-shafts on the bottom floor, and one for driving the upstairs 
line-shafting. There are about a dozen flour-mills driven by 
electric power a t  present in this country, and these report very 
favourably on the system. Greater regularity of speed is one of 
the claims made for electric driving. This is a matter of very great 
importance where so many separations are effected by the use of 
delicately adjusted air-currents. Variations in line-shaft speed 
become greatly exaggerated when dealing with fans driven from 
them a t  high speeds. A considerable saving in space is made by 
the abolition of boiler-house, economizer-house and chimney stack. 

Of other prime movers, there are examples in the London 
district of large mills driven by gas-engines. But the majority of 
the large mills are driven by compound condensing steam-engines 

4 A  
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with supeyheated steam and direct rope-drives. The power to 
drive a complete wheat-preparing and roller-mill plant may be 
taken at about 13 h.p. per sack of flour produced in an hour. 

This Paper would not be complete without mentioning the 
flour-bleaching process by ozonized air or other agent, and that 
for adding enriching products to the flour in the form of fine 
sprays, but these belong to the domain of the chemist, and are not 
of direct interest to the engineer. 

Grain-Handling Epzciyinent f o r  a Modern Flour-Mill (Section A on 
page 997).-Since the foregoing was written, the author has added 
the following particulars*relating to Sections A and D (page 997). It 
should be noted at the outset that these are applicable to the grain 
store and warehouse attached to, and forming part of, a large port 
flour-mill as distinct from a grain store used for the merchanting 
of grain. 

The usual equipment consists of a ship elevator on the quayside 
fronting a deep-water berth. The standard type used is the 
ordinary leg-elevator with endless band with buckets attached. 
The legs are suspended at, or near, the elevator head from the 
outer end of a balanced arm. The tower carrying the trunnions of 
the balanced arm may be fixed as in Plate 32, or may travel on rails 
laid parallel with the quayside as in Plates 33 and 34. With the 
elevator mounted on a travelling tower, it is able to  command any 
of the ship’s holds without the vessel moving along the berth, which 
is of considerable advantage. When operating, the legs are lowered 
into the hold of the vessel with the boot sufficiently buried in the 
grain to keep it fed. As the grain is lifted away, the legs follow 
down to the bottom of the hold and the grain runs down towards 
the boot until the natural angle of repose of the grain is reached, 
when trimming becomes necessary. The ship elevator delivers on 
to a travelling band running the length of and parallel with the 
gantry track, either in a tunnel under the quay-level or on a raised 
platform, so as not to interfere with the quay traflic. Arrangement 
is made for feeding this band a t  different points along its whole 
length. From this band the wheat will pass up a fixed elevator to 

 at The University of Melbourne Libraries on June 5, 2016pme.sagepub.comDownloaded from 

http://pme.sagepub.com/


OCT. 1913. MODERN FLOUR-MILL MACHINERY. 1021 

the preliminary cleaning plant, consisting of an automatic weigher 
with recording counter for registering the number of tips, followed 
by a separator consisting of oscillating sieves or riddles with 
powerful air-currents for removing light chaff and dust. From the 
separators the wheat would be lifted by another fixed elevator to 
the top of the silo house, or wheat-store proper, on to travelling 
bands with throw-off carriages to distribute the wheat into any one 
desired silo. The rate of intake adopted in different mills varies 
considerably, but 50, 60 or 70 tons per hour are quite common, and 
120 tons per hour is not unusual. For the latter the automatic 
weighers would have a bucket capacity of 2 tons, giving one tip per 
minute. The scale is provided with a ready means of weighing off 
odd residua, a refinement of great use when changing from one 
cargo to another, or from one bin to adother. 

The storage of wheat in silos has become universal in all large 
mills. A silo consists of a nest of receptacles of the nature of deep 
wells with hoppered bottoms so as to be self-emptying through an 
opening in the centre of the hoppered bottom controlled by a slide. 
The walls may be of brick, steel plate, timber or ferro-concrete. 
Ferro-concrete is now beipg very generally adopted for silo 
construction, though a large number have been built in timber on 
the American plan of criss-cross. I n  ground plan they vary in 
section according to the material adopted ; for brick work the usual 
shape is octagonal, for steel plate circular, for timber square, for ferro- 
concrete square, or if large then circular. Silos when square in section 
vary from 8 to 12 feet square, but when circular in steel plate or ferro- 
concrete they may go up to 30 feet diameter. I n  cases where such 
large diameters are adopted, the bin would not have a Iioppered 
bottom but would be emptied through a number of outlets with 
trimming when requiring complete emptying. Silos are carried UP 

to a height of 60 or 70 feet above the spring of the hoppered bottom, 
It will be appreciated that for a strictly automatic wheat store, the 
silo with the hoppered bottom is the only form admissible. 

It is usual t o  keep the hopper bottoms bome 18 feet above the 
basement level, so that the silo outlets a n  be spouted directly on to 
travelling bands running along the basement floor and delivering to 
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a fixed elevator, which in its turn feeds a set of storage bins usually 
located in the wheat-cleaning section. Up to this point the 
different kinds of wheat have been stored in separate bins. From 

FIG. 30.-?Vheut .Distributor. 
Grainlentering Silos. 

the storage bins the wheat will be drawn tlirougli measurers, 
Figs. 28 and 39, Plate 34, to give a mixture of wheats in definite 
predetermined proportions for treatment on one or other of the 
wheat-cleaning plants included in Seotion B (page 997). Difficulty 
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in the use of deep bins for the storage of wheat has oocumed, due to 
the wheat grading itself in the bin, so that the heavier grains are 

Wheat Dish%utor. 

FIG. 31.-Disposition of Grain entering the Silos. 

E 

FIG. 32.-Feed Distributor fixed 
for Side Feed and Central 

Discharge. 

? 

discharged first, the lighter grains being held back until the bin 
is comparatively empty. This tendency to natural grading is 
obviously undesirable and detrimental to regularity of working. 
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To counteract this a distributing device, shown in Fig. 30, at 
the mouth of the bin throws the heavy grain towards the bin sides 
leaving the lighter grains to accumulate in the middle, Figs. 31 and 
32. When the slide is drawn, the lighter grains have the first 
chance to flow out, Fig. 33, and the result is a more even grade, as 
shown by comparing the discharge curves Figs. 34-36 (page 1026). 

ID order to reduce the fire-insurance charges on the silo, it must 
be in a building by itself separated from the mill building, with 
special restrictions as to communication passages with fireproof 
doors. 

In the foregoing the author has described what has come to 
be regarded as the standard arrangement. 

Referring again to the ship elevator, in its earliest form it was 
usually swung out by means of a jib pivoted on the wall of the 
silo nearest to the dock side, the equivalent of the elevator with 
fixed tower shown in Plate 32. 

The labour of bringing wheat to the boot of such a fixed elevator, 
when the boot was down to the bottom of the hold, led to the 
devising of mechanical grain-trimmers. These consist of square 
boards held approximately vertical by means of a rope connection 
from the four corners pieced to a single rope running through a 
snatch-block in any convenient position, the rope being led to a 
winch either on the ship’s deck or  in the elevator tower. A man 
standing behind the board guides it through the grain heap towards 
the elevator boot. Such a mechanical trimmer is a great advance 
upon hand trimming. As a further step towards automatic action, 
arrangements are made for controlling the winch by pneumatic 
connection. For getting the wheat in the ship’s hold to the lift point, 
the pneumatic system of elevating by air-suction through pipes was 
introduced, Fig. 37, Plate 35. The essentials of this system are a 
length of flexible hose to reach the furthest point of the ship’s hold, 
fitted with suitable arrangement to admit air t o  the nozzle at the 
end of the pipe when buried in the grain ; a well-arranged pipe-line 
from quay-side to silo house, with as few bends as possible, and these 
of large radius ; a receiving tank with air-locked automatic outlet 
to drop out the grain; and finally, at  the end of tlhe .pipe-line, an 
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air-pump or blower to produce the neoessary flow of air through 
the pipe-line. This system has many attractions, but has proved 

expensive in power-consumption and in cost of upkeep when 
compared with the bucket elevator. 

Then, too, there is the trouble caused by dust getting1 into the 
blowing machine. It is, however, frequently found as an auxiliary 
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TESTS MADE IN SILOS WITH AND wxmour THE FEED DISTRIBUTOR SHOWN IN FIG. 30 (page 1022.) 

Showing variation in lb. par bushel at diflerent depths of the Silos. 

FIG. 34.-Test on Rwsian. FIG. 35.-Test on No. 4, Manittl a. FIG. 3G.-Test on A’o. 6 ,  Manitoba. 
POUNDS PER BUZHEL 

The dotted lines indicate the irregularity of delivery when the Distributor shown in Fig. 30 is not fitted; 
the thick lines show the comparatively regular delivery effected when using the Distributor. 

c1 
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of comparatively small capacity to the ship elevator of hrge 
capacity, for which it acts as a cleaner up of the corners. The 
question of power consumed is very closely connected with the 
arrangement and shape of the nozzle, which has given rise to 
several patented devices. I n  cases where wheat is carried to the 
mill in barges on tidal waters, as in many of the Thames-side mills 
and where consequently the barge is stationary on the mud for 
several hours between each tide, the pneumatic system of emptying 
is specially applicable. 

The conveying and distributing of grain in bulk by means of 
travelling bands is so well known as to need no special description 
here. 

Packing and Storing of Finished Products (Section D, page 997). 
-The introduction of labour-saving devices into the storage 
warehouse is of comparatively recent date. The flour, bran, and 
offals manufactured in the roller mill, Section C (page 997), are 
brought by conveyor or spout, as the case may be, through the 
dividing wall separating the roller mill from the warehouse. I n  
order to minimize 61.e risk, and so reduce the fire-insurance rate 
chargeable on the warehouse, there must be no direct open-door 
communication between these two departments. The packing room 
is placed in the upper floor of the warehouse, so that;as far as 
possible, gravity may assist in distributing the sacks on the floors 
below. The flour is packed into sacks through vertical tubes 
depending from the conveyors and terminating about 4 feet from 
the floor. The sack mouth is strapped to a ring sliding up and 
down on the end of the tube. This ring, with the sack attached, is 
jerked up and down by means of a lever action, so that the sack is 
repeatedly bumped on the floor with the object of packing the flour 
down in the sack. I n  America a type of packer is used where the 
flour is forced into the sack mouth by means of a screw or auger 
revolving on a vertical spindle inside the tube. The sacks when 
full are weighed and tied up by hand, although there are machines 
in  use for weighing the sack automatically whilst on the packing 
tube, and also for sewing up the sack, 
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FIG. 38.-Sack Shoot. 
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For sending sacks on to the lower floors the ordinary inclined 
shoot held the field until quite recently, but latterly, with a view 
to economy of space, the vertical shoot has come into general use. 

Fig. 38 shows an arrangement of such a shoot designed to 
deliver sacks on to any one of the lower floors as desired. A 
vertical shoot, arranged on the principle of the spiral staircase with 
a continuous spiral sack run in place of the risers and trends of the 
ordinary staircase, makes a very compact form of shoot. Sacks can 
be taken off a t  any floor as desired. 

Fig. 39, Plate 35, illustrnt(es another form of the vertical shoot, 

INCLINED GRAVITY SACH STORES. 

Sketch shows Magazine with 7 x 11 = 77 Sack Compartments. 

FIG. 40. Cross section FIG. 41. 
on line 1’ Q. Compartmelzts served from Poors. Compartments served from hoist. 

and comprises an enclosed vertical trunk into which the sack is 
introduced on one of the upper floors. I ts  momentum a t  the 
bottom is absorbed by the curved tracks which form the termination 
of the shoot. The spiral sack-shoot has an advantage over the 
other two in that it can be filled up full to the top. 

An ingenious device for lowering sacks from an upper floor to 
the quay-level outside and some little distance away was first 
brought out in South America. Two parallel wire-ropes were 
slung from the loading-out door of the upper floor to the quay- 
level, one on each side of the door. These wire-ropes would adjust 
themselves to the natural curve of repose, as there is no need to 
keep them taut. Short cradles were hooked on to these wires, and 
butting one against the other end to end formed a continuous sack- 
run from loading-out door to quay. When not in use, the cradles 
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were unshipped and the wire-ropes unhooked from the quay side 
and stowed away. 

Figs. 40 and 41 (page 1029) show a novel form of automatic 
discharging sack-store. The store is composed of a series of inclined 
sack-shoots enclosed on all four sides so that several shoots can be 
superimposed and arranged in tiers side by side also. 

Fig, 40 shows the nest of inclined shoots fed from the ordinary 
floor, whilst in Fig. 41 they are fed from an elevator a t  one end of 
the range. 

The lower ends of the shoots are closed by means of doors or 
other convenient form of lock, and deliver into a loading way for 
carts, or railway trucks or direct into barge as the site may require. 
It will be appreciated that, when once the sacks are put into the 
several pockets, no further handling is necessary, gravity doing the 
rest. A sack-counter device is fitted at the delivery end of each 
pocket. A warehouse on this system having a holding capacity of 
2,000 tons was put up by the N.E.R. at their New Bridge Street 
Depot, Newcastle-on-Tyne. There is also one on the waterside a t  
Boston, Lincolnshire, with a holding capacity of 400 tons. It is 
estimated that on this system one man can handle some 3,500 tons 
of sacks per week. 

A neat fatigue-saving device, which is applicable to places other 
than the warehouse, is illustrated in  Fig. 42, Plate 35. This device is 
the common bucket-elevator with platforms and hand-grips in place 
of the buckets. Running a t  a band speed of 70-75 feet per minute 
it is quite easy t o  step off or on a t  any desired floor while the band 
is in motion. A safety release-arrangement comes into action 
should one, in a moment of abstraction, fail to get o f  a t  the top 
floor, so as to prevent the person being carried over the top of the 
elevator. 

Automatic sack-elevators, arranged so that  the sacks dump 
themselves on any desired floor, are in frequent use. 

I n  conclusion, the author wishes to record his grateful 
acknowledgment for information supplied and illustrations furnished 
by Messrs. Amme, Giesecke and Konegen, London ; Messrs. W. and 
T. Avery, Birmingham ; Messrs. Briddon and Fowler, Bredbury, 
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near Manchester ; Messrs. Henry Leetham and Sons, York ; Messrs. 
Thomas Robinson and Son, Rochdale ; Messrs. Samuelson and Co., 
Banbury ; Messrs. Henry Simon, Manchester ; Messrs. Spencer 
and Co., Melksham ; the Allis-Chalmers Manufacturing Co., and 
the Nordyke and Marmon Co., United States of America. 

The Paper is illustrated by Plates 25 to 35 and 25 Figs. in the 
letterpress. 

Discussion. 

The PRESIDENT thought the Institution was to be much 
congratulated on the receipt of so valuable a Paper, and he was 
quite sure that, in view of the pleasure they had received, the 
Members would desire to accord a very heartyvote of thanks to the 
author for it. 

The resolution of thanks was carried by acclamation. 

The PRESIDENT said he desired to make a few comments on the 
Paper, although he did not pose in any way as an expert in milling 
matters ; on the contrary, he was really a learner of the very first 
principles connected with it. Those of the members who were in 
the same position would be much attracted by the various methods 
which were brought into play in order to secure pure flour. For 
instance : the importance which small currents of air exercised in 
tho working ; the extremely nice adjustments which must be 
necessary to make them effective in the different degrees in which 
they were required ; the mechanical sorting arrangements of one 
seed from another, and one seed of one size from another, and so 
forth, must of necessity be matters of intereat, especially to those 
mechanical engineers who had to do somewhat the same sort of 
thing on possibly a larger scale, where automatic working was a 
matter to be aimed at, and where, unless it was secured, it might 
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(The President.) 
spell-he was going to say, disaster-certainly something very like 
financial disaster in many cases. H e  desired to mention one thing 
which always struck him as a subject of interest in connection with 
milling, namely, the introduction of metal rollers in place of the old 
stones. The members would recollect it was not many years ago 
that the daily papers lectured the people of the country to the effect 
that they were all slowly poisoning themselves by not eating grit ; 
in fact, they said the proper thing to do was to eat flour which was 
ground with grit-stone, and that the present-day flour was all 
wrong. Of course the proof of the pudding was in the eating. 
There was no doubt about it that a much more even flour was 
obtained under the present system than under the old system; 
there must be a finer division. 

There was one sentence in the Paper which he noted particularly 
(page 1020), namely: “This Paper would not be complete without 
mentioning the flour-bleaching process by ozonized air or other 
agent, and that for adding enriching products to the flour in the 
form of iine sprays, but these belong to the domain of the chemist, 
and are not of direct interest to the engineer.” That statement 
might probably be quite right;  very likely there were plenty of 
enriching products which could be added to the flour, but some 
people did not call them by that name. Personally, he would like 
to know what the enriching products were which should be left to 
the domain of the chemist. 

There were one or two other points on which he desired to 
obtain further information. The author spoke of the motive power, 
and he gave a price at which he said electricity must be supplied 
in order to make it compete with steam. H e  would very much 
like to know whether full credit had been given to certain items in 
both cases in making that comparison. The author stated some 
advantages which attached to the use of steam, but he did not say 
in arriving at  his figure whether he had given electricity the credit 
which was due to it from the saving in the cost of land, in building 
a boiler-house and a chimney, in the cost of the engine itself and in 
the many other ways which affected the question, whether it were 
as regards steam or other power, and which if the author were 
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buying his electric power a t  0 4d. or any other price per unit, he 
would save in other ways. Lie therefore asked whether in making 
that calculation the author had taken credit for the absende of a 
great many things which buying his power from outside in that way 
would result in. He  had been extremely interested in the descriptions 
of the handling plant outside the mill itself, but he was rather 
surprised at the pneumatic system being practically brushed aside as 
altogether too expensive in the modern system. He presumed that 
the amounf of power which had to be used in getting the suction 
was great, but he was a little astonished that it should be so great 
as to compensate for the large increase in the amount of apparatus 
and the amount of structure which was necessary to handle by 
band and other means of transmission. 

Mr. C. J. ROBINSON said that he was connected with a firm 
one of whose specialities was Flour Mill Engineering, and he had 
therefore listened with considerable interest to the Paper that 
had just been read. He would like to take this opportunity of 
complimenting the author on his Paper, as he knew how difticult it 
was to make the subject interesting to the generality. of engineers, 
owing to the fact that so much of it dealt with special matter. 
There was a good deal of information in the Paper, some of which, 
however, he would like to supplement. 

A milling engineer aimed a t  making a perfectly pure article, 
namely, flour. If the wheat berry were opened out as it ought to be, 
and the interior cells converted into flour, there would be an 
absolutely pure article. He  therefore objected to the use of 
adulterants, because to a great extent they were introduced in 
order to correct bad milling. Flour milling was an intricate 
process in the science of which engineers had been steadily plodding 
along for a number of years till a t  last a very high standard had 
been attained. Nevertheless they were far from believing that 
finality had been reached. A perfectly pure flour, if examined 
through a microscope, presented the appearance of finely divided 
crystals. The wheat berry itself was clothed with an outside casing 
of bran, underneath which were several others which constituted 
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offal, and all of these had to be removed in order to convert the 
kernel into pure flour. 

The author had referred to the Americans as our great 
competitors in the manufacture of flour. However, the conditions 
of milling in England were perhaps the most difficult for  the 
milling engineer to cater for, and in order to meet their 
requirements it was necessary to have a more perfect and scientific 
system than in countries like America ; the reason being that in 
England the miller was obliged to grind wheats from' all parts of 
the world, whereas America was able to grow sufficient to meet all 
her requirements. An up-to-date plant in England was supposed 
to be capable of producing a good flour from any mixture of wheat 
that was offered, or which it paid the miller to purchase at the 
time. The miller, therefore, required a far more complete milling 
process, as well as a more elaborate cleaning plant, in order to clean 
and prepare the variety of wheats which he had at his disposal. 
The author had given a very interesting diagram showing the 
various classes of wheats used in this country. Generally speaking, 
these were divided into three classes, namely, hard, medium, and 
soft wheats, some of which contained a large amount of extraneous 
matter in the form of dirt, stones, seeds, etc., all of which had to be 
eliminated before the wheat could be converted into pure flour. 
Not only had these wheats to be thoroughly cleansed, but it was 
necessary that their various characters should be assimilated. 
They had in fact to be brought into one uniform condition before 
being converted into flour. 

The author had omitted to touch on one very important point 
in connection with this, namely, the Conditioning of Wheat, 
although he had referred to the washing whioh preceded it, and 
which might also be considered part of the conditioning process. 
The machine which performed this operation was a most interesting 
one, namely, the Mallinson Conditioner. The effect of the 
treatment was very similar to that experienced when taking a 
Turkish bath, the wheat went through a warming process which 
caused it to sweat, drawing the superfluous moisture from the 
inside of the berry to the surface, This moisture was then taken 
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away by means of warm, and subsequently cold, air currents. The 
wheat then passed to the ‘‘ conditioning ” bins, where it was left 
for a certain time to become thoroughly assimilated before 
passing to the final cleaning process. It was most important that  
the exterior of the berry should be made thoroughly clean before 
the breaking-down process of the wheat took place, otherwise the 
resultant flour would be discoloured. 

Most members were probably aware that the great difference 
which existed between the old stone system and the present roller 
system lay in the fact that with the former the wheat was ground 
straight away into flour, and as a natural result of such treatment 
the flour was contaminated with the skin, and thus became 
discoloured. To avoid this deleterious effect, the gradual reduction 
process by the roller system was introduced. It was a gradual 
process in that a small portion of the work was done a t  each 
operation, until the wheat was gradually reduced down and the 
whole of the kernel released with as little contamination as possible 
by the skin or branny matter. The author had rightly referred 
to the scalping process as a matter of considerable importance 
During this operation the kernel, consisting of middlings, flour and 
semolina, were separated from the wheat, and it was necessary to 
do it in the most gentle manner possible, in order to avoid 
discolouring the flour. With this object the cyclo-pneumatic 
separator had been introduced, to which the author also referred. 
It was not only exceedingly gentle in its action, but most effective. 

The plansifter, which was the latest machine used for separating 
and dressing flour, was introduced into England in a crude form 
many years ago. Its construction a t  that time was so defective 
that it failed to give satisfaction, and in consequence it was almost 
entirely superseded by the centrifugal form of dresser already 
referred to. During recent years, however, a great improvement 
has been made in the plansifter, and it was now again coming 
to the front. Like all things, however, which once had given 
trouble, their reintroduction was received with considerable 
prejudice, but there was no question that the plansifter of to-day 
was the most perfect form of flour-dresser known. The author had 

4 B  
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given an illustration of a machine made by his (the speaker’s) firm, 
which differed from all others in that it had two cranks, whilst 
the generality of machines had only one crank. The advantages 
of the ‘< double crank ” were that the action of the dressing was 
much more searching, and in consequence more perfect separations 
were made. This type of machine was also much easier to balance, 
and in fact ran absolutely free from any vibration. Some people 
imagined that climatic conditions affected the work of the plansif ter, 
but this had been proved not to be so, as there were several of these 
double-crank machines working in India where it was well known 
that the monsoons made the dressing of flour a most difficult 
matter. It had, however, been proved that the double-crank 
plansifter was not nearly so seriously affected by the monsoons as 
the ordinary centrifugal dressing machines, and there was no 
question that the plansifter had this time come to stay. 

With reference t o  the question of power, experience had shown 
that electric power offered so many advantages in driving a modern 
dour mill, that, in his opinion, there was no doubt it was the best 
for this purpose. It had been proved, for instance, that  an 
electrically-driven mill could be relied on to increase the output not 
less than 74 per cent. over the same mill driven by steam-power. 
Again, its perfect uniformity was of great assistance in regulating 
the air-currents, as well as ensuring evenness in the grinding and 
dressing of the machinery, all of which tended to higher-class 
production. He  thought, therefore, they would be safe in accepting 
electrical power as the ideal drive for a modern flour mill. 

Mr. HORACE I;. P. BOOT said that it had been the business of his 
(Mr. Boot’s) firm for some years past to make a speciality in flour, 
oil, and other mills of a similar kind, and although they did not 
claim in any way to be authorities on flour-milling, they did claim 
to know a little about what milling engineers had done in the past, 
because they had seen some of the great mistakes that had been 
made. There were certain reasons in this country why the mills 
had not speeded up their rolls. A modern mill had been erected in 
London quite recently in which the rolls had been speeded up, with 
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the result that  it had been found satisfactory, and more work could 
be done with the same amount of power previously expended, while 
the product was, if anything, superior. The principal reason why 
many of the mills had not speeded up the rolls was because the 
engines and the whole of the plant had been designed to run at a 
certain speed, which would be di6cult to alter without altering 
everything else. 

Mr. Robinson had referred to a point (page 1034) which the 
author had not dealt with in  the Paper, namely, what was known 
as the Conditioning of Wheat. When he (the speaker) was 
first introduced into the practice of flour-milling, the method of 
grain-drying came as a great surprise to him, especially when 
he found that mills, which had the whole of their plant run by 
electricity, installed a small steam-boiler to heat air for the 
purpose of drying the wheat! That certainly seemed a long way 
round to arrive at the condition desired, namely, the drying 
and extraction of moisture for the conditioning of the wheat. 
Personally, he thought the proper way to dry wheat, where there 
were no steam-boilers in a mill, that is, where it was being run by 
electricity or other motive power, was, not to generate steam and 
then to let that steam heat the air, but to heat the air straight 
away with an ordinary slow-combustion stove or some type of furnace 
of that sort. He  knew that certain firms had tried that system 
and condemned it, but he thought they had done so without trying 
to improve the faults. He  ventured to think that if the system 
were carried aut in  a correctly designed stove, the economy which 
would result would be far greater than had hitherto been the case. 

With regard to the question of barge-elevators and suction- 
plant, his firm had had some experience with both systems, and the 
result appeared to be that the suction-plant took a t  least 30 per 
cent. more power than ordinary elevating plant of the bucket type. 
Another question of interest was the power per sack that was used. 
The author mentioned (page 1020) that the power might be taken as 
13 h.p. per sack of flour produced per hour. No doubt the author 
was as well aware as he (Mr. Boot) that the power in every mill 
varied enormously per sack. Some mills went in for very much 

4 ~ 2  
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better conditioning ; they put in a more perfect cleaning plant and 
turned out a better product, with the result very often that the 
horse-power taken per sack was more, and the value received for 
the flour was also more. 

He  was very pleased to hear Mr. Robinson advocate the 
use of elecCricity, but he could not quite agree with him. 
The speaker’s firm had recently gone into the question very 
carefully in a large mill, and he had some figures with him 
which he thought would be of interest to the members. They 
considered the question of the mill engines, taking the most 
economical type probably, as ‘‘ Uniflow,” with rope transmission 
direct on to the roll-shafts. The whole of the mill was driven by 
the engine direct, with ropes, and the other part, the conditioning, 
or what might be termed the smutter house, and all indirect drives 
were driven electrically, the same engine being used for running 
a generator coupled direct, and carrying cables to the indirect 
drives. Allowing a very handsome margin for loss in the engine, 
and assuming that a modern boiler plant, with superheaters and 
high-pressure boilers, was being put down, with the uniflow 
engine, the price at which electricity would have to be supplied 
equal to it, worked out about 0.33d. per unit. He  was assuming 
that the mill ran 144 hours per week, like all flour mills, 
and that it had a very high load factor, all the plant practically 
running with the exception of the intake plant. The figures came 
out as follows: Taking a turbine and electrical drive, the capital 
outlay was roughly somewhere in the neighbourhood of 27,000 for 
the power-plant and the total running costs at  23,800. If the 
motive power were taken at the figure a t  which several flour mills 
were now obtaining power, that is, 3d. per unit, there would still be 
a certain amount of kpital  outlay on motors, which amounted to 
$2,704, with running costs of 26,000. With the most up-to-date 
type of mill-engine, and good drive with a rope race, the capital 
outlay would come to $5,890, and the running costs for fuel, 
including everything, to 23,393. 

Mr. J. E. SPEIGRT (Messrs. Amme, Giesecke and Konegen) 
heartily congratulated the author on the able manner in which he 
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had prepared his Paper. He desired specially to mention the novel 
genealogical Milling Tree (page 9973, by which the non-milling 
members of the Institution would be able to obtain some insight 
into the principles of flour manufacture. As the President had 
said, the system was not very simple, but the whole question was 
set out in a very simple manner in the diagram to which he had 
referred. He  had not attended the Meeting with any special 
intention of speaking, but rather to learn something from the 
remarks of other people, because he very often found that when 
people who were not connected with a special industry would 
devote their attention to it, the people connected with the 
industry always learned a great deal from having fresh minds 
brought to bear upon the different points raised. Many people, 
when they went round a mill and saw the multiplicity of machines 
which were necessary, said, “Why is it necessary to have all these 
machines and such a complicated process Z Why is it not possible 
to invent some process whereby a t  one single operation the whole 
of the skin could be stripped from the wheat?” If any member 
possessing special inventive powers could invent such a process, 
his fortune would be made. It was the very thing that all millers 
would like to do. There was one great difficulty, however, in the 
way of accomplishing that result, namely, the shape of the wheat 
berry itself. Probably most of the members were aware that the 
wheat berry had a crease in it, which extended internally nearly 
three parts of the way into it. The skin of the wheat was around 
the surface in the crease, and therefore any attempt which was 
made to clean the wheat left the skin remaining on the surface 
inside the crease. That was the one great reason why the milling 
process appeared so complicated to the lay mind a t  theypresent 
time. 

The author had dealt very ably with many of the points in 
connection with the flour-milling industry, and had largely 
avoided any controversial matter, because that did not come 
within the scope of a Paper of such a description, ab it very 
often appertained more to  the system than to the machine. When 
the roller system was first introduced, a grent deal of controversy 
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arose. Millers were divided into two parties, those in favour of 
the roller system and those in favour of the stone system, but in 
the end the roller system had won. There had not been any very 
great, controversy for a number of years until recently, when, owing 
to the introduction of the plansifter, the millers divided themselves 
again into two parties, namely, those in favour of adopting the 
plansifter and those in favour of retaining the centrifugal 
machine. 

Mr. Robinson had put the matter very clearly when he said 
that the object of the miller was to  produce a pure flour free from 
offal, and Mr. Robinson would agree with him when he said that 
one of the reasons why the plansifter had been introduced, and 
was being largely adopted at the present time, was that it was 
claimed that it produced a very clear flour such as could not be 
produced by the centrifugal, because the centrifugal had a beating 
action which forced the stock through the meshes of the sieve 
according to size only ; with the plansifter, however, the stock lay 
on the surface of the sieve and was graduated by the rotary motion 
of the sieves, so that the lighter and impurer particles rose to the 
top and the pure flour fell to the bottom of the sieve and passed 
through it in its purest state. Several points of controversy had 
arisen in regard to the: different kinds of plansifters in use. An 
illustration was given on Plate 29 of a machine with two cranks, 
and on Plate 30 a machine with one crank. A still further 
development of the plansifter idea had taken place. I n  both of 
the machines illustrated the spindle containing the crank-pin, by 
which the eccentric motion was impzrted to the machine, was 
quite rigid and was contained in fixed bearings; but the latest 
type consisted of practically the same form of machine, almost the 
identical type of spindle-crank and balance-wheel, but the spindle 
in no case was fixed. The spindle was suspended by means of a 

swivel bearing from above, and the only other bearing was in the 
rotating part of the plansifter. It was claimed that by means of 
that motion there was far less vibration, and also certain advantages 
in the sifting. 

He thought Mr. Boot (page 1036) must have been unfortunate 

(Mr. .I. E. Ppeight.) 
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in  the machines he had seen; a t  any rate he thought Mr. Boot 
should not overlook the good work and good examplee that had 
been carried out by the several engineers in the trade. No one was 
really infallible, and even the best of engineers must make mistaKes 
at times. Mr. Boot also raised a question about the high speed of 
the rolls. He  gave a concrete instance of where the rolls had been 
speeded up, and a saving in power had taken place. But from a 
miller’s point of view, power was not everything. The miller had 
to look very much more to the final results in the flour sack. He 
would not carry the matter further, but would simply say he did 
not agree with what had been said by Mr. Boot in regard to the 
high speed of the roller mills. 

With regard to the question of drying the grain, it was not at 
all necessary to adopt the process which was in operation in several 
places, that is, to have a small boiler to raise the steam and heat the 
air by those means. On the Continent there were numerous mills 
driven by water, and therefore the conditions would practically be 
the same as would obtain with a mill driven by electricity, where 
no steam was available. For that purpose there were several firms 
who made a specialty of providing a proper heating arrangement 
for air, exactly as Mr. Boot suggested might be of advantage. 

The question of the pneumatic conveying of grain was also not 
ft question solely of the cost of the power. When the system was 
applied chiefly for discharging cargoes from grain steamers, then 
there were many considerable advantages which certainly made the 
power question not of such great importance. He  thought it could 
be taken as granted that for such an installation as was shown on 
Fig. 37, Plate 35, the power would be somewhere about 14 n.p. 
per ton of grain moved, or even up to 2 h.p. The advantages 
were that the steamer could be discharged very quickly by 
considerably fewer men, because the grain had not all. to be 
trimmed and brought to one point for the bucket-elevator to deal 
with. Flexible tubes were put into the grain, so that no labour 
whatever was required to lift it. Another point was that, in 
certain classes of the grain trade, many of the cargoes which 
ariived consisted of a large number of parcels of different kinds of 
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grain, and different marks of the same kind of grain. Very often 
some of them were only in small lots, and they were parted in  the 
holds of the vessels sometimes by tarpaulins and sheets and a t  other 
times by boards. In such circumstances the pneumatic discharging 
plant was a great advantage, because the small parcels were very 
quickly cleared out. 

Mr. E. R. DOLBY desired to ask a question, not as an engineer but 
as a consumer. The whole of the elaborate process which had been 
described seemed to be used for the purpose of separating the white 
portion of the berry for human consumption. He  desired to ask 
whether the white portion of the grain was the only part that was 
really useful for human consumption, containing nutriment in such 
a larger percentage than the rest that it was not worth while to 
eat any of the rest ; or was it merely a requirement of fashion that 
the flour should be white ? Assuming the latter to be the correct 
explanation, then, i f  the dictates 'of fashion were ignored, could not 
several processes and much expensive machinery be eliminated, and 
ilour-milling be thus rendered less costly ? 

Dr. H. S. HELE-SHAW (Member of Council) said he thought it 
would prove of use if the author would explain a little more clearly 
the question of the distribution of the wheat in  the silos. From 
the speaker's Liverpool experience, he knew that when the silos 
were first introduced many years ago they created quite a revolution 
in grain storage, and the question of the distribution in the silos 
was such an important one, that  the information, either by a 
diagram or in some other way, as to how it was that the heavier 
grains went down first and left the lighter ones behind, would be 
most interesting. 

Mr. ROBERT B. CREAE, in reply, said that in view of the lateness 
of the hour he did not propose to wander into the region of 
enpiching materials for flour, as it was too thorny a question. The 
members probably knew that a Pure Foods Bill had been projected 
in Parliament. What effect it) might have on the subject under 
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discussion he did not know ; at any rate he was not going to deal 
with it. With regard to the question of motive power, his 
calculation of 0.4cl. per Board of Trade unit was basyd on a 
calculation which alIowed for the capital outlay for power, an 
allowance for depreciation, for upkeep, cost of chimney, cost of 
buildings and stores, but it did not include any figure for land. He 
quite admitted that circumstances sometimes occurred where the 
saving in  land outweighed any question of economy, and there 
undoubtedly the electric drive should be adopted. He  knew of a 
case of a mill in London where there was no room for an engine 
and boiler-house and a chimney, and for such a place electric 
driving was the thing. But for a mill which was not cramped 
for room, and where land could be obtained a t  a reasonable price, 
he was inclined to think that a modern steam-engine with 
superheated steam at a high pressure, with direct rope-drives, was 
the cheapest form of motive power. A point of consjderable 
importance in connection with the subject was that the ordinary 
millwright who looked after the mill machinery could only look 
after the upkeep of the engine ; but if electric plant was installed, 
it was necessary to employ an electrician for that particular job 
and for nothing else, whose wages were fairly high. That was an 
added expense. 

In regard to pneumatic elevating, there again the same sort of 
consideration came in. There were cases where the conditions were 
such that the cost of pneumatic elevating did not count ; convenience 
was paramount. Taking the case of many of the London mills, where 
the barges lay on the mud for a good part of the tide, several hours 
of the day, there the fixed bucket-elevator was obviously inconvenient 
and unsuitable, and for such a case as that probably the pneumatic- 
elevator should be adopted. But it was undoubtedly expensive in 
power, and it was, he thought, somewhat difficult t o  keep in repair, 
because there was no more successful abrader than wheat mixed with 
sand. Some foreign wheats contained a considerable percentage of 
fine silica which would cut through anything. He had seen it cut 
right through *-inch plate glass, and therefore the upkeep of a 
pneumatic plant was fairly high. 
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Mr. Robinson had mentioned the question of the conditioning 
of wheat (page 1034), which was a most important‘and delicate 
operatioh and he was inclined to  agree 
with the statement that  the most critical part of the mill was the 
conditioning-room. H e  ventured to think that no very radical 
improvement had been made recently in  that direction, and for that 
reason he did not touch upon it, as he did not desire to traverse 
old ground which had been dealt with in the late Mr. Henry 
Simon’s Paper. He  thought he was also right in saying, in 
connection with Mr. Boot’s remarks on conditioning, that  at the 
present time a large number of mills were not using their heaters 
at  all, and were not conditioning their wheat with hot air, but with 
cold air only. The hot-air fan was kept going, but cold air was 
used instead of hot, and that to a large extent had overcome the 
difficulty of the want of steam in electrically-driven mills. 

Mr. Robinson declared very emphatically for electric power. 
It was admitted, he thought, that  greater regularity of running 
was obtained when electric power was used, which was important, 
as he mentioned in  the Paper, where so many separations were 
made by air currents. A t  the same time he was not aware that such 
a marked increase in  output as that  mentioned by Mr. Robinson 
was obtainable from electrically - driven mills. He  was very 
interested to hear that statement, and would like to make further 
inquiries about it. Mr. Boot’s figure of 0.3301. per unit came fairly 
near to his own of 0 - 4 d .  

Mr. Speight had mentioned what he (the author) called the 
free-spindle plansifter. That was, he thought, a very beautiful 
improvement. As Mr. Speight had stated, it consisted of 
R freely suspended spindle instead of the vertical spindle and 
rigid stand that was seen in  the plansifter depicted in Plate 30. 
The spindle, instead of being underneath, was hung from the 
top, and was attached a t  the top to the roof trimmers or the 
ceiling, as the case might be, with the driving pulley close to this 
attachment. Beyond that, the spindle was free to swing like a 
pendulum. It was attached at the bottom to a crank having a 
crank-pin at one end and a balance-weight nt the other. When 

He had heard it said 
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started, the depending spindle swung round freely. There was 
action and reaction between the balance weight and the plansifter 
frame, the resulting motion being a steady rotation with no 
vibration transmitted to the building. Mr. Dolby (page 1042) had 
referred to the value of white flour. He  directed that gentleman’s 
attention to the Daily Mail as the best authority on the subject. 

Communications. 

Mr. W. WORBY BEAUMONT, referring to the self -balancing 
plansifter mentioned during the discussion, wrote that the 
plansifter was operated by a form of the mechanical motion known 
as the Vibromotor as invented by him in 1892-3, and used in some 
forms by Messrs. E. R. & F. Turner, and by the Hardy Pick Co. 
in  England, and by the Allis-Chalmers Co. in America in their 
Universal Bolter with superposed sieves. Some of the forms of 
screening machinery thus operated were described and illustrated 
in  the Journal of the British Society of Mining Students in 1900, 
the Journal of the Society of Arts in  1894, and in the Journal of 
the Liverpool Engineering Society in 1895. 

Mr. GEORGE BRIDDON (Stockport) wrote that the author had 
dealt with his subject in a very terse and lucid manner, but had so 
carefully avoided giving any opinion of his own as to the merits or 
demerits of the machines and methods he had referred to, confining 
himself to  description only, that  he had left very little for 
discussion. 

Referring to his opening paragraph, one would be led to 
conclude that, owing to what he termed the ‘‘ modern tendency ” 
to locate flour mills of large ca.pacities on the waterside at the 
principal ports, the inland flour mills, and especially those of small 
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output, would soon be a thing of the past, on the assumption, of 
course, that  the inland mill would not be able to compete with the 
large port mill. If such was the author’s opinion, he (Mr. Briddon) 
was not in  agreement with him. The advantages were not all with 
the port mills, and he was convinced that there would always be 
room for the inland town and country mills, provided they were 
equipped in the best possible manner, and were of a capacity to suit 
the requirements of the immediate district so as to enable the 
h ished  products to. be disposed of without much expense in 
delivery. If the mill were situated in a wheat-growing district, the 
native wheats were generally delivered to the mill as cheaply as 
they could be put on rail, and an advantage was thereby gained. 
Again, the bran and other offals met with a ready sale in the 
locality, and were very often delivered to customers a t  the mill 
door, the prices obtained being, as a rule, much better than the 
port millers could get, for the reason that the port miller produced 
a much larger quantity of bran and offals than he could dispose of 
without resorting to railway transit, and very often he was 
compelled to export them at  low prices ; further, the inland miller 
came in close touch with his customers, which was no small 
advantage, 

He  would like to point out that the classification of the processes 
(page 997) were not confined to port mills ; a large number of inland 
mills were similarly provided for, excepting that barges took the 
places of ocean vessels. The process described on page 1009, and 
illustrated by Fig. 10, was the invention of the firm with which 
the writer was connected, and some very marked advantages were 
to be obtained by it. 

He  could not understand how the author had arrived a t  the 
conclusion that, on account of the settling chambers in the upper 
pzrt of the air-belt purifier, as illustrated by Fig. 17, Plate 28, ‘‘ the 
sieve is not so easily visible.” The machine referred to was one 
manufactured by the writer’s firm, and every care in  designing it 
was exercised to make it perfectly accessible to every part, and the 
action of the sieve could be as easily inspected as on any other type 
of purifier. The advantage of a purifier on the air-belt principle 
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over one continually drawing in air was that the product being 
treated did not lose any of the moisture it contained, and loss from 
evaporation was avoided ; moreover, the results from it were more 
regular, because a greater or less moisture in the surrounding 
atmosphere did not have any effect on the results. 

Mr. WILLIAM H. GLASER (Manchester) wrote that, among the 
many details of flour-milling mentioned, the following particulars 
might be specially interesting to members, 

The rolls used in a roller-mill were made from very hard, 
close-grained, chilled cast-iron, and were first turned before they 
were ground. A broad flat turning tool was used, ground to  an 
angle of about 87", and a low cutting speed, less than 10 feet a 
minute, was found to give good results. The turnings Came away 
as long thin needles. After the rolls had been turned, they were 
ground, and had to pass a severe test for cylindricity. They were 
set in a frame, with their axes horizontal, one above the other, and 
a light was passed along behind them, opposite the line where they 
touched. If necessary, the rolls were re-ground until no light could 
be seen between the rolls. The man who made the test became 
wonderfully quick to detect a leakage, and when the rolls passed 
the test they really formed a light-tight contact. 

The balancing of plansifters was Carried out to a high degree of 
accuracy ; the author had mentioned how plansifters were often 
run with the holding-down bolts removed, by way of test or 
demonstration. If the plansifter was balanced with its trays 
empty, there would be a departure from perfect balance when the 
machine was a t  work, especially if the feed were heavy, on account 
of the capacity of the trays. Plansifters had therefore been devised 
with a wide range of unconstrained motion in the horizontal plane, 
except in so far as the parallel pendulum suspension constrained 
the motion to be circular. When such a plansifter was set in  
motion, the radius automatically adjusted itself to give perfect 
balance, but the sieving capacity-the amount of stock which the 
sieves could pass in an hour-was correspondingly varied. This 
was, of course, not a drawback, although the sieving capacity waa 
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found not to vary in  any simple relation to the radius of the 
circular motion, for the capacity depended also on the depth of 
stock on the sieve; it was merely a point of passing interest to 
the engineer. Such self-balancing plansif tiers were designed in 
two styles. In one the motion was transmitted direct to the 
plansifter sieve-carrying frame ; in  the other, it was transmitted 
direct to the balance-weight, as was the case in the Fraser sifter, 
and the sieves were set in motion by the reaction of the balance- 
weight. The tautness of the sieve clothing, not only in  plansifters 
but in other sieving machines too, had an astonishing effect on the 
sieving capacity, and some difficult but interesting problems had 
arisen. 

The plant used for adding enriching products t o  flour had many 
points of interest to engineers, though the process, as the author 
had said, was for the chemist to discuss rather than for the 
engineer. The ram-pumps for supplying the spraying-nozzles 
had a diaphragm for keeping the liquid out of contact with the 
working parts, an adjustable by-pass to enable the pump automatically 
to deal with a variable load without excessive rise of pressure on 
the one hand, or serious loss of pressure on the other; for it was 
important to keep the pressure on the spraying-nozzles within 
certain limits to secure suEciently uniform treatment of the stock. 

The mixing tanks were carefully designed in earthenware to be 
easy to clean out, and to be free from pockets a t  such places as 
the delivery-pipe joint where liquid might otherwise lodge ; they 
were fitted with air-lift mixers, also of earthenware. The air- 
compressor for the spraying-nozzles had a dust arrester on the 
intake-pipe, and an oil-separator on the delivery-pipe. The 
spraying-nozzles themselves embodied the results of much careful 
experimenting. 

He  had purposely given, in dealing with the engineering features 
of sieving and enriching processes, the merest outline of the many 
points of interest, lest engineers who did not happen to have had 
to do such work of experimenting, designing and calculating in 
connection with them as the writer, should find them not 
attractive. Engineers would also take an interest in the action of 
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pulsating water in  separating, from wheat, small stones of very 
nearly the same specific gravity, and of *air currents in purifying 
flour-mill stocks. 

Mr. GARDINER MITCHELL wrote, with regard to the wheat- 
preparing plant (page 998), asking if it was generally accepted that 
the method of removing the dust by wind currents ought to be by 
aspirators and not by blowers. The wheat was mentioned as rolling 
out of the pits of the indented cylinders (page 999), but he thought 
the berries never entered the indentations a t  all (when extracting 
cockle seeds) ; but in the case where these cylinders were fitted for 
the purpose of separating barley, oats or straw from wheat, the 
grains being the smaller went into the indentations, and were 
carried up, falling into an adjustable tray, thus allowing the barley, 
oats and straw to work towards the end and deliver over it. H e  
thought that the machine illustrated in Figs. 3 and 4 (pages 1000-1) 
was an improvement in some directions ; a t  the same time, the up- 
keep of this machine and power consumed would, he presumed, be 
greater than with the cockle cylinders ; it would also require more 
attention, and, bearing all these points in view, the benefits obtained 
would not probably warrant a change. 

He  agreed with the author that the more economical method of 
feeding the elevator (page 1020) was by a mechanical trimmer, and 
Fig. 43 (page 1050) showed four of these applied to a floating 
elevator; also Fig. 44 showed the elevator boot of a fixed barge 
elevator, on which it would be noted that just over the boot there 
were fitted rollers horizontally and vertically for the rope to run on, 
so that it might pass between the legs of the elevator on its way to 
the winch. 

It was mentioned (page 1020) that an arrangement was made 
for feeding the band at different points. This could be accomplished 
by a series of trap-doors along the quay on top of the band, and the 
elevator shoot could be telescopic to reach the nearest available one 
when working. I n  the second line of page 1021, the author referred 
to ‘‘ an automatic weigher with recording counter for registering 
the number of tips.” It was presumed he meant the number of 
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FIG. 43.-iKechanicaE Coal Trimmers for feeding Elevator. 

MECHANICA 

I (COAL 

FIG. 44.-Elevator Boot. Elevator speed 
320 feetper minute; 

FIG. 45.--ITbll Shoot with sliding doors held 
by fusible links. 

FUSIBLE LINKS 

G U I D E S  FOR SLIDE 
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weighings. On the same page regarding silos, he thought it was 
always advisable to hopper the bottom of them, because, if flat- 
bottomed, it would require additional labour to remove the grain 
which could fall out;  but he noted the author said that in 
cases of large diameters the bottoms were not hoppered. The 
writer was of opinion that it would be a more efficient silo i f  
the bottom were hoppered, however large, as this could be done by 
having a few outlets and hoppering the bottom to  each, ag shown 
on Fig. 46. With regard to storing grain in silos (page 1023), when 

FIG. 46.-Large Silo Bottom, showing Hoppered Outlets. 

i , IHOPPERED BOTTOM , 

designing such a plant it should also be arranged for the grain to 
be " turned over " periodically by emptying and refilling the silos 
with the same grain if it was being stored for some time ; heating, 
sweating, and deterioration would thereby be prevented, especially 
where dirty grain was being dealt with. 

It was stated (page 1026) that the earliest form of elevator was 
swung out by means of a jib pivoted to the wall. The writer did 
not think it was a case of the earliest form, but that the reason for 
this design was owing to confined space where the warehouses were 
close to the water. 

With respect to fire-insurance rates (page 1027), the writer had 
found it necessary, when arranging a shoot through a wall, to fit 
a sliding door on each side of the wall ; these were held by fusible 
links so that, when the heat became excessive on each side of the 
wall, the slides dropped down on to  the bottom plate of shoot, as 
shown on Fig, 45. These fusible links were also suitable for 

4 c  
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keeping open fireproof doors of communication passages, mentioned 
by the author (page 1026), the doors being arranged to dose 
immediately the heat melted the fusible metal in  the link. 

Mr. E. D. SIMON wrote that the first thing that would strike 
anybody on reading this Paper was the number and variety of the 
different processes which a flour-milling engineer had to deal 
with. They might be divided roughly into two main sections :- 

1. The problems of dealing with the handling and storage of 
the wheat and products ; and 

2. The actual wheat cleaning and milling operations. 
Handling and Storage of Products.-The problem a milling 

engineer had to face was, roughly speaking, to adapt certain 
well-known contrivances for handling and storing grain to the 
special circumstances of each individual case, having regard to a 
proper adjustment of capital expenditure and working costs. One 
had to foresee the exact operations which were likely to be 
necessary, allowing for the probable growth of the capacity of 
the plant, and decide how far it was advisable to go on putting in 
expensive plant to save manual labour. I n  many cases a good 
deal of thought and ingenuity was required to arrive a t  the best 
solution. On this side there were two engineering problems of 
special interest. The first one was the determination, in  the case 
of wheat or other grain storage in deep bins, of the pressure 
exerted by the. grain on the bin wall. This was a matter on 
which a large number of experiments had been made, and fairly 
reliable results were a t  present available, though it would 
generally be agreed that even now further tests for different 
shapes of bins, with outlets in varying positions, would be useful. 

The second interesting problem was the pneumatic transport 
of wheat, which had been referred to  by the author. This had 
during the last few years become an established part of the 
practice of grain conveying. Some of the conditions which 
affected the choice between the bucket elevator and the pneumatic 
elevator had been well indicated by Mr. Speight (page 1041). One 
of the specid difficulties of pneumatic conveying was that, owing 
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to the large amount of dust in the wheat, the air pump had to deal 
with exceedingly gritty air. I n  the early days of pneumatic grain- 
conveying this caused continual difficulty, but several excellent 
pumps had now been designed which would deal satisfactorily 
with air containing a fairly large proportion of grit, in  continual 
running. 

One of the points in which pneumatic transport would no 
doubt be further improved was as regards power. The power 
taken for an average plant might now be said to be between 
14 rtnd 2 b.h.p. per ton of wheat lifted per hour, which, as the 
author pointed out, was considerably greater than that of the 
ordinary bucket elevator. The theory of the quantity of air 
required fo l i f t  a given amount of wheat, the pressure necessary, 
the determination of the area of the pipe, the form of nozzle, and 
so on, presented a number of engineering problems of the highest 
interest and difficulty, and affered a large field for experimental 
work. 

Wheat Cleaning and LWiZl.-In this department there were two 
types of problem : firstly, engineering problems, and secondly, 
purely milling problems. Both of these had been dealt with by 
Mr. Creak. The characteristic of all these problems, except the 
ordinary engineering problems which occurred in most factories, 
was their complication. Take, for instance, the power required 
to drive the various machines in a mill, a question which the 
writer dealt with in  detail in  a Paper read a few months ago 
before the Association of British and Irish Millers. 

One or two instances of this complication might be of interest. 
The machine requiring most power in  a flour mill was the roller- 
mill. I n  most modern British mills, roller-mills were required for 
three kinds of work as indicated by Mr. Creak : break roller-milks, 
reduction roller-mills, and bran-rolls. H e  had worked out 
formula showing the power required in each case. The three 
formulae were entirely different, and each of them depended on 
several different factors, some of which were continually varying. 
Similar formula could be devised for all the other machines in the 
mill. Generally speaking, the power required to drive a roller-mill 
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plant of a given capacity (omitting the wheat cleaning) depended 
chiefly on the following factors :- 

1. The number and size of the roller-mills in each of the three 
sections. 

2. The type of dressing machines used, whether plansifters, 
centrifugals, or a combination. 

3. Type of purifier plant used. 
4. Kind of wheat on the mill. 
5. Condition of the wheat on the first break. 
6. Fineness of the flour which it was desired to make. 
7. Whether any of the offal was ground up. 
8. The percentage of flour which was required from the wheat. 
9. The usual engineering problems with regard to the 

arrangement of drives, transmissions, etc. 
It would be seen from this that the engineering problems in a 

flour mill were sufficiently complicated, but the milling problems 
were infinitely worse. The basic problem was that of separating 
the husk of the berry from the kernel, and the fundamental 
difficulty was that no such thing as aeperfect separation existed 
or probably could exist in  a flour mill. 

Dealing first with the question of wheat cleaning, perhaps the 
most important part of the cleaning process was the aspiration and 
the separation of the light from the heavy particles. It had been 
found by careful experiments that, if a given separation of 
impurities wa8 aimed a t  by means of aspirations, a certain 
percentage of the impurities could be got out by one aspiration, a 
further small percentage by a second aspiration, and so on, and 
undoubtedly in practice a considerably better separation could be 
obtained by a treble aspiration than by a single one. The standard 
practice was, however, to have L single aspiration on most of the 
wheat-cleaning machines. I n  a good mill the wheat would often be 
aspirated seven or eight times after it was received before it went to 
the actual grinding mill. Of course, most of the processes of wheat 
cleaning produced fresh dust, which again had to be removed. It 
was, as stated above, impossible to get a scientifically accurate 
separation. All one could do was to aspirate over and over again, 
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and more or less trust to luck. Perhaps the most scientific way of 
dealing with this particular question was to aspirate too heavily, so 
as to  get nothing but perfectly pure wheat on the first break, and 
then make the best possible separation of the material which had 
been drawn away, separating it into one part which contained all 
the light but still fairly good wheat, and another portion which 
consisted only of screenings, chaff, and refuse. The former part 
could then be ground on a separate small mill, and might yield, 
say, 50 per cent. of fairly good flour. This, however, was a method 
open only to a large miller, and too expensive for a small miller to 
carry out. 

Turning now to the question of actual milling separations, 
perhaps the best illustration of the difficulty of the problems met 
with was the old controversy of Plansifters versus Centrifugalls. 
The author had dealt with this a t  some length. The difficulty was 
well illustrated by the fact that in the Paper read by Mr. Amme 
before the Association of British and Irish Millers a few months 
ago, supporting the plansifter against the centrifugal, Mr. Amme 
codbed himself exclusively to the mechanical problems, and hardly 
attempted to deal with the question of the separations which could 
be made on a plansifter. The mechanical problems in connection 
with a plansifter were no doubt difficult, but it was universally 
acknowledged that they had been practically solved now, and there 
wm no particular difficulty in building a plansifter which would 
work satisfactorily. Mechanically it was also quite possible to  
weigh the relative advantages and disadvantages of plansifters and 
centrifugals. The plansifter took less space and less power. It 
was, however, a much more complicated machine than a centrifugal. 
There were, further, big forces continually at  play which were a 
potential source of trouble, so that the machine required a higher 
degree of engineering skill to keep it at constant and satisfactory 
work. In  addition to this, owing to the greater complication of the 
plansifter, it took a longer time to effect any small repairs. For 
instance, a hole in the silk of a centrifugal could be repaired 
without stopping the work of the machines a t  all, whereas a 
plansifter had to be stopped probably for half an hour. In a small 
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or moderate-sized mill this would actually entail the serious 
disadvantage of having to take feed off the mill. 

When, however, we came t o  the question of the separations 
made, we found that, notwithstanding thirty years of experimenting 
all over the world, there was no unanimity of opinion. It was 
boldly claimed by the advocates of the plansifter that  it was gentler 
in its separations, and that it a t  the same time made more accurate 
separations. On the other hand, the advocates of the centrifugal 
denied both these statements, and said the plansifter was much 
influenced by variations in  the humidity of the atmosphere, so that 
the milling results were irregular. There was little doubt that the 
decision as to whether to use a plansifter or a centrifugal was, to 
a large extent, a matter of fashion. Many of the best millers, 
especially in  Germany and Austria, were strong advocates of 
plansifters. On the othgr hand, some of the largest and most 
successful millers in this country would have nothing to do with 
them, though they had in most cases tested them carefully, stating 
generally that the reliability of the centrifugal outweighed any 
advantages claimed for the plansifter. The problem was not yet 
solved, and he said unhesitatingly that it was impossible for 
anybody to-day to lay down general rules and to give any really 
scientific evidence in support of these rules which would be 
conclusive in determining which of the two machines was, generally 
speaking, the better. 

All problems still facing the miller were so complicated, and 
were affected by so large a variety of causes, that an enormous 
amount of careful, detailed, and patient research was necessary 
before any dogmatic statements on many of these milling problems 
could be justified. 

Mr. GILBERT C. VPLE (Birmingham) wrote that the author 
commented favourably (page 1019) on the adoption of electricity as 
motive power for mills, but required a supply at 0.4d. per unit to 
compete successfully with steam. H e  did not know if there had 
been included in  this figure advantages gained by electric driving, 
which were difficult to translate into exact figures. Nevertheless, 
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i f  an attempt were made to value these advantages, he thought the 
economy would be shown to be on the electric side. The same 
problem faced the textile mill engineers, when it was found that 
the steadiness of the motor drive with little or no peripheral speed 
variation was of the maximum importance, as it resulted in a 
greater output of better work. Flour mills would appear to be in 
the same category. 

There was also a great economy in space, and greater ease in 
starting up and closing down. Rope drives gave excellent service 
up to the point when the rope required to be renewed. This 
renewal point was discult to indicate or to anticipate. Engineers 
were tempted to carry on rather than incur expense in complete 
renewal, and then trouble came a t  the very time when it could be 
done without. A further and important argument for the adoption 
of electrical driving was, that if the different processes were divided 
up as suggested in the Paper and independently driven, a recording 
watt-meter in each motor circuit would give a continuous record of 
what had gone on throughout the whole run. It would show if the 
machinery was being properly maintained and running with the 
minimum friction. It would also show what stoppages had 
occurred, and whether the load had been constant or variable. I n  
fact, with proper data of current consumed in certain known 
conditions, the engineer and the manager would be able to read the 
whole week’s record, and obtain important clues for investigation to 
enable them to maintain their machines in the highest state of 
efficiency. 

With the continual adoption of additional machinery in every 
line of manufacture, and the constant striving to make the latest 
type of machine do substantially more and better work than the 
machine which it superseded, production costs were governed by 
the efficiency of the machinery and the process, and he submitted 
that, in the modern flour mill, the engineer must be continuously 
furnished with figures giving him the bases to discover his 
machinery efficiency. Jn the complete mill, as described by the 
author, it appeared Yery necessary to be able to record the weight 
of the product at  all stages of manufacture. For instance, the 
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grain taken from the ship should be weighed on its way to the silo 
or store-house. @his was essential, for the mill-owner should only 
pay for what was actually delivered. The shipping weights and 
advice notes which he received formed no guarantee that he 
actually got it. Then when the first process started, the weight of 
the grain passed to the first process should be recorded, and then 
the weight of each subsequent extracted product should be arrived 
a t  in turn, that  is, the engineer should know jus t  how much 
screenings, offal, bran, etc., he made, and finally what amount of 
finished flour he had obtained. By setting these results against 
the intake, 'a percentage was readily obtained w-hich should be 
comparable with a known standard basis. 

It might be argued that this labour of weighing would interfere 
with the general work of manufacture, but the whole of the 
weighing was now being done automatically at speeds far in 
advance of what was required by the mill engineer to-day and 
the weights were automatically recorded and printed; even the 
finished flour was automatically sacked off and a record shown. 
From this it would be seen that with the use of a well-designed 
and practically tested weighing system, the engineer had a 
continuous record before him whereby he could state absolutely 
the efficiency of his machinery and, to a great extent, the efficiency 
of the raw material he was operating on, and the writer did not 
quite see how this could be done in any other way. 

Mr. CREAK wrote, in reply to Dr. Eele-Shaw (page 1042), that 
the object of the wheat distributor described and illustrated on 
pages 1022 to 1025 was to divert the stream of grain as it 
entered the top of the silo or bin, so as to throw the heavier berries 
to the sides of the bin, leaving the lighter grains to settle in the 
centre of the bin. When emptying the bin, it was well known 
that when the slide a t  the bottom of the hopper was opened, the 
column of grain immediately above the opening in the hopper 
bottom tended to flow away. To fill up the place of this column 
of grain as it moved downwards towards the outlet, the heavy 
grains that had been deposited near the sides of the bin crowded 
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more quickly and effectively to take the place of the moving centre 
column than did the lighter grains lying nearer, with the result 
that the light and heavier grains intermingled near the centre 
column and passed out together. 

If, on the other hand, the stream of wheat poured into the bin 
directly and without deflection, as indicated in the right-hand bin 
of Fig. 31 (page 1023), then the heavy grains settled near the centre 
column of grain, whilst the lighter grains lay nearer the sides of 
the bin. When the slide at the hopper outlet was pulled open, 
the heavy grains lying near the moving centre column were all 
ready to flow out, and by their greater weight kept back the 
lighter grains until all the heavier grains had been discharged. 
This action was indicated by the arrows in Fig. 33, as also by the 
diagrams giving weights per bushel of wheat delivered a t  different 
stages of emptiness of bins fitted respectively with and without 
the distributor (page 1026). 

The mechanical arrangements of the free swinging plansifter 
appeared to be an adaptatiofi of the vibromotor motion invented 
in 1892 by Mr. W. Worby Beaumont (page 1045), but it differed 
from the arrangements described in  the specification in  that the 
point of suspension of the crank carrying the crank-pin at one 
end and the counterweight at the other was situated at the centre 
of rotation located between the crank-pin, which took hold of the 
plansifter frame a t  its centre of gravity, and the balance weight. 
This arrangement had the effect of setting up the truly circular 
swing of the plansifter immediately the vertical driving shaft 
began to rotate. This was a point of considerable importance, as 
the free dressing qualities of the plansifter were closely connected 
with the true swing of the machine. In the vibromotor 
arrangements, illustrated in the patent specification, the crank 
and balance weight were suspended by a flexible connection from a 
point coincident with the axis of the vertical crank-pin and not 
from the centre of rotation. 

In regard to Mr. George Briddon’s remarks (page 1045), bearing 
in mind the title of the Paper, namely, “Modern Flour-Mill 
Machinery,” the author considered it be& to explain the leading 
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developments as fully as possible, stating impartially the advantages 
and disadvantages, and leaving individual opinions to  come out in 
the discussion. The question of the ability of the country mill to 
hold its own did not really come within the scope of the Paper. 
That the modern tendency was to locate new mills at the ports 
could not be denied, but the author was in complete agreement 
with Mr. Briddon that there were many inland flour-mills which 
were sufficiently well situated to be able to compete successfully 
with the up-to-date port mill. Among the determining factors, in  
addition to those mentioned by Mr. Briddon, were cheap fuel, cheap 
transit charges, especially by canal, and low local rate charges. 
Further, it was the author’s opinion that road motor traction was 
destined to assist very materially the inland flour-mill. 

With regard to the point raised by Mr. Briddon as to the 
visibility of the sieve in the two types of purifier illustrated on 
Fig. 14, Plate 27, and Fig. 17, Plate 28, in the author’s opinion the 
type shown on Fig. 14, Plate 37, gave the clearer view of the sieve. 
This point was made more evident in the cross-sectional view, 
Fig. 15 (page 1012). The absence of the settling chambers over the 
sieve gave a smaller overall height, whilst the large glass doors, 
inclined towards the centre of the machine, did undoubtedly give a 
freer view of the sieve. 

In reply to Mr. Gardiner Mitchell’s remarks (page 1049) on the 
qmoval of dust from the wheat mixture, this was effected by 
aspiration in contradistinction to  blowing currents in all modern 
wheat-cleaning machines, because in  every case a settling-box 
intervened between the aspirated wheat stream and the fan, to 
drop out automatically the heavier screenings. Were a blowing 
current used, dificulty would arise in getting the screenings out of 
the settling chambers, as these would be under pressure and not 
under suction, as was the case with aspiration. Then, again, joints 
had to be much more carefully made where blowing currents were 
used. 

As touching the action of the wheat berries in the indented 
cylinders for the extraction of cockle, it was quite true, as Mr. 
Mitchell contended, that  the larger wheat berries did not enter the 
indents, but on the ’other hand the smaller berries did enter, to a 
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certain extent, usually end on, but these rolled out when they got 
but a little way up the rising side of the revolving cylinder. With 
regard to the cockle-extracting band illustrated in Figs. 3 and 4 
(pages 1000-l), the upkeep of the machine would be greater than 
that of a line of cockle cylinders. On the matter of power, however, 
this was so small, even in the case of the band, as to be almost 
negligible. There would probably be some saving in space to  be 
gained by the adoption of the band machine. 

The automatic weigher mentioned on page 1021 was provided 
with a self-emptying scale-pan at one end of the beam. The 
bottom of the pan was hoppered on two sides, one of these 
sides being in the form of a free-swinging door. This was swung 
to by a counterweight and locked by a suitable catch. When ready 
to take a weighing, the wheat from a receiving hopper above 
flowed into the pan in a thick stream. Assuming the capacity of 
the weigher to be 2 tons per tip, when the pan had received 
somewhere near its required 2 tons it was partially weighed down. 
This movement of the scale-pan cut down the stream of wheat 
flowing into the pan to a thin trickle. By this means accurate 
weighing was obtained, and the minimum weight of wheat was 
required to give the beam the necessary draught to cause the final 
movement or drop of the pan. This final drop cut off the trickle of 
wheat, and a t  the same time released the free-swinging door by an 
arrangement of levers and toggle-joint, and the 2-ton weighing was 
discharged into a hopper below. The scale-pan, being relieved of 
its weighing, rose briskly, and in so doing closed the door in the 
bottom of the pan and opened the valve in the wheat-hopper above 
the weigher, and the operation repeated itself so long as there was 
wheat in the hopper above to feed it. By the term “tips” in 
reference to the above machine, the author referred to ‘‘ weighings.” 

With regard to hoppered bottoms for silos, the question of loss 
of storage space when hoppering such large silos as 30 feet in 
diameter became a serious consideration, as well as that of the cost. 
Undoubtedly the hoppered silo was the best from a working point 
of view, as the author stated a t  the end of the paragraph on 
page 1021. It was absolutely necessary to make arrangements for 
turning the grain over from one silo to another as suggested by 
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(Mr. Robert B. Creak.) 
Mr. Mitchell, and this was provided for in all the silos with which 
the author had been connected. 

In the matter of the pneumatic elevating and conveying of 
grain, the author agreed with Mr. Simon (page 1052) that this was 
a likely field for experimental investigation, as the system had so 
many points in its favour when compared with bucket elevators 
and conveyors, which necessarily ran in straight lines. The 
question of the power required to drive individual machines had 
been very closely investigated by Mr. Simon, and much careful 
experimenting had been carried out by him, but as the machines 
had to run together as a complete mill, and individual driving 
offered no advantages, it was generally sufficient to calculate the 
power of the machines running as a complete mill. In practice it 
was found that, averaging the results obtained in mills of varying 
capacity, the roller-mill plant required 10 h.p. per sack of flour 
produced per hour, and for the wheat-preparing plant 3 h.p. per 
sack. With the increasing use of electric motors a8 prime movers, 
it became more necessary to determine with exactitude the powers 
taken by each machine; nevertheless, the author would always 
advocate a liberal margin in the power of the prime movers, 
because a miller always tried to get, and generally succeeded in 
getting, a larger output from his mill than its rated capacity. 

When dealing with the question of plansifter versus centrifugal, 
Mr. Simon had said that the choice of the individual miller was to 
a large extent a matter of fashion. Would it not be nearer the 
mark to say i t  was a matter of prejudice ? I n  the author’s opinion, 
the plansifter experienced a serious set-back when first introduced 
into this country some twenty years ago. It must be admitted by 
nll that in its then state of development it was not a success, and 
was practically withdrawn from the market. The machine as 
manufactured to-day was, one might say, mechanically perfect, but 
it had to live down the bad reputation of its predecessor. Another 
point that  militated against its ready adoption in this country was 
the tendency to consider the plansifter as merely taking the place 
of so many centrifugals, whereas it was necessary to diagram the 
whole mill and clothe the machines specially to suit plansifter 
dressing. This fact was frequently overlooked. 
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I n  reply to Mr. Gilbert C. Vyle (page 1056), the items covered 
by the figure of 0.4d. per Board of Trade unit for electric current 
were stated in the author’s reply (page 1043) to the President’s 
remarks. From Mr. Vyle’s comments on rope drives, one would 
gather that  trouble was eventually experienced with this form of 
transmission. From an intimate and extended acquaintance with 
rope-driven flour-mills of varying capacities, both large and small, 
the author would assure Mr. Vyle that no difficulty was experienced. 
For one thing the ropes never gave out at the same time, and it 
was a simpIe matter to note the gradual wear of the ropes and to 
replaoe defective ones a t  the week-end stoppage. Undoubtedly 
the recording watt-meter was a useful tell-tale, but, taking 
everything into consideration, the author would hesitate to 
recommend the substitution of electric driving for a good rope- 
drive a t  a cost for current exceeding 0.4d. per Board of Trade 
unit, and even a t  that figure the circumstances of each individual 
case needed very careful study to ensure an  annual saving in 
working expenses to justify the change. 

The author was in complete accord with Mr. Vyle in his 
remarks as to the importance of weighing the produce of the mill 
in its various stages. Of course this was all done automatically in 
every modern mill, excepting the weighing of the sacks of finished 
flour, bran and offals. True it was that some mills had installed 
automatic weighers to deal with the sacks of finished products, but 
this was a difficult operation to carry out successfully on an 
automatic machine, and this application was by no means 
universally adopted. No doubt the difficulties now met with 
in  this class of automatic apparatus would eventually be overcome. 
The records of the various automatic weighers determined for the 
miller his loss of weight due to the abstraction of seeds, bits of 
straw, dirt and refuse, his gain of weight due to water absorbed 
in the washing and conditioning process and so on. Very careful 
records were kept of the day’s grinding to see that the weight of 
finished products turned out in a given time agreed with the weight 
of wheat fed in during the same period, when the necessary 
gllowances and adjustments had been made. 
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